Abstract. [Purpose] In the present study, gait analysis was conducted using a compact accelerometer for analyzing the peak acceleration value of the lower extremity during walking by juvenile patients suffering from chronic sports knee injury to the knee extensor mechanism, through lower extremity malalignment and other causes.
INTRODUCTION
Overuse, muscle tightness, imbalance of muscle function and leg malalignment have been reported as root causes of athletic overuse injuries such as enthesopathy or Osgood-Schlatter disease occurring in the knee extensor mechansm [1] [2] [3] . Not only static leg alignment, but dynamic alignment as well are considered to be important factors that cause athletic injury, and therapeutic exercise and insole are performed for controlling the alignment. A three-dimensional motion analysis system is needed to objectively evaluate the dynamic malalignment and abnormal motion. Such equipment is expensive and requires a laboratory setting, and an easier method for evaluation is needed. Recently, the accelerometer has been recognized as a useful device for the evaluation of gait, because accelerometers have become compact and inexpensive. Since the accelerometer can directly measure the acceleration of the part on which it is mounted, the force applied on that part can be calculated from Newton's second law of motion: F=ma (F indicates force, m indicates mass, a indicates acceleration). A compact accelerometer makes it possible to measure the acceleration directly without any restrictions, so even slight movement such as abnormal movement of the knee joint during gait can be recorded enabling the detection of abnormal mechanical stress 4, 5) . Kavanagh et al. 6) reported that accelerometers are sufficiently sensitive to detect rapid movement, such as that during physiological or pathological tremors. The reliability and validity of gait analysis using an accelerometer has been reported to be high 6, 7) . Maeyama et al. 8) indicated that tri-axial accelerometers are useful for quantitative analysis o f t h e i n s t a b i l i t y o f t h e k n e e j o i n t . A n accelerometer was used to analyze lateral instability of the knee joint of patients with osteoarthritis of the knee 7) and damaged anterior cruciate ligament (ACL) 9) . However, there are only a few reports where dynamic malalignment and abnormal motion have been evaluated through quantitative analysis for enthesopathy or Osgood-Schlatter disease. Objectively explaining the features of abrnomal movement of the lower extremities of persons suffering from chronic sports knee injuries is likely to help in designing therapy programs and determining therapeutic effect.
In the present study, gait analysis was conducted using a compact accelerometer to record the abnormal movement of the lower extremity during walking in patients suffering from chronic sports knee injury.
SUBJECTS AND METHODS

Subjects
The painful knee group compreised included 13 subjects (13 boys), while the control group comprised 12 subjects (12 boys). The attributes of both the groups are shown in Table 1 .
Painful knee group: 13 subjects, with a mean age of 12.0 years (range, 11 to 15), with painful knees due to sports injuries. The subjects included 9 subjects suffering from Osgood-Schlatter disease, and 4 subjects suffering from patellar ligament. All subjects had bilateral symptoms, and the more painful leg was recruited for the study. Control group: 13 subjects without any pain around the knee joints and with normal healthy knees and legs, mean age of 12.8 years (range, 10 to 16). One of their legs was randomly recruited for the study and they were examined visually to ensure that they had no remarkable limp when walking; and those who had a limp were excluded from the study.
The purpose of this study was fully explained to the subjects, and after receiving their consent, investigations and measurements were performed.
Methods
Satic leg alignment was measured and gait analysis of the subjects were performed using an accelerometer.
Measurement of leg alignment was performed on the Q-angle, calcaneus angle and arch height in the standing position. The Q-angle is the angle made between the patella tendon and the line which connects the anterior superior iliac spine to the patella middle point. The calcaneus angle is the angle made between the calcaneus longitudinal axis and the line perpendicular to the floor. The arch height was expressed as the percentage of the height of the tuberosity of the navicular bone divided by foot length. The calcaneus angle was expressed so that the direction of pronation of the calcaneus was positive, and the direction of spination of the calcaneus was negative.
Abnormal movement of the tibia was evaluated with a technique described by Inoue et al. 4) The reliability of the technique was demonstrated by the authors 1 0 ) in previous research. Tri-axial piezoelectricity accelerometers (MA3-04 Ac, Microstone, Saku, Japan) were used to record the mediolateral, perpendicular, and forward-backward components of acceleration while the subject was walking. This sensor is capable of detecting triaxial acceleration in the x, y and z directions through the piezoelectric effect, by which electrical charge is generated when deformation occurs in a piezoelectric element. After considering the misalignment of skin etc, we mounted the accelerometer on the lateral malleolus ankle joint and the head of the fibula with tape in such a way that the forward and backward component, perpendicular component and mediolateral component of acceleration with respect to the direction of movement could be measured. The time of heel strike was confirmed visually and by perpendicular acceleration of the lateral malleolus. After each subject had completed several repetitions of the ambulatory exercise, data were collected while the subjects walked for about 14 gait cycles on a flat level walkway at their own usual speed, barefoot. Gait was started on the opposite side from the subject. Data were collected on two separate occasions at a sampling frequency of 100 Hz. Turcot et al. 7) reported that peak accelerations can be used to study pathologic gait to identify differences between it and normal gait. The peak values of each direction during the stance phase after heel strike were analyzed from the acceleration waveforms of forward-backward (+: Forward (F), -: Backward (B)), perpendicular (+: Upward (U) ,-: Downward (D)), mediolateral (+: Lateral (L),-: Medial (M)). Because the mediolateral component of acceleration is sensitive to the direction of gait and hip abduction and adduction during gait, an index that evaluates the lateral instability of the tibia more accurately is required. Therefore, we Mean ± standard deviation (SD). calculated the revised acceleration component of the mediolateral direction by subtracting the acceleration of the lateral malleolus from that of the proximal fibular head (+: Revised Lateral (RL), -: Revised Medial (RM)). Data of the 6th, 8th and 10th gait cycles were used as the absolute values of acceleration in the data analysis. The measurements were performed twice, In total, six gait cycles were analyzed. The average value of each parameter was used for statistical analysis. The peak value of acceleration and lower extremity alignment were compared between the control and painful knee groups using the MannWhitney U-test and the non paired t-test. The level of significance was used p<0.05.
RESULTS
No significant difference was found between the two groups in terms of alignment (Table 2) . Based on the analysis of the accelerometer mounted on the head of the fibula B-Peak and RM-Peak were significantly larger in the painful knee group than in the control group. Moreover, the L-Peak of the accelerometer mounted on the lateral malleolus ankle joint was also significantly larger in the painful knee group than in the control group (Table 3) .
DISCUSSION
It has been reported that chronic sports knee injuries of the knee extensor mechanism that crosses the epiphyseal line of the distal thigh bone to the proximal tibial bone are caused due to several m e c h a n i c a l s t r e s s e s 1 1 -1 4 ) . D y n a m i c l e g malalignment and abnormal motion are considered to be responsible for the generation of mechanical stress that causes athletic injuries 3) . The condition in which the knee shows mediolateral instability and the patella moves inside has been subjectively observed. Since there are very few ways of objectively evaluating the movement, we must depend on the subjective judgment of a therapist. Accelerometers have been used clinical sites, and they are increasingly becoming compact and less expensive. They are also attracting a lot attention in methods for evaluating the working of lower extremity movements 6) . Turcot et al. 15) evaluated the instability of the tibia of a patient suffering from osteoarthritis of the knee in walking, and reported that the acceleration was significantly decreased by three months of physiotherapy and that an accelerometer was useful for judging the outcome of physiotherapy. In the present study, gait analysis was conducted using an accelerometer to analyze abnormal movement such as dynamic malalignment of the lower extremites during walking by juvenile patients suffering from chronic sports knee injuries. The painful knee group demonstrated a significantly higher peak acceleration value in the backward direction and the revised medial side direction. From the fact that the backward peak value was significantly high in the painful knee group, it can be interpreted that strong backward stress was generated in the proximal part of lower leg the in stance phase. The actual direction of movement or motion can not be determined from the results of measurement of acceleration alone. Since strong acceleration is generated in the backward direction in the proximal part of the lower leg, the lower leg is more rapidly pulled in the backward irection, or movement in the forward direction is more drastically dampened. For controlling the instability of knee joints in the forward and backward directions, a knee extensor mechanism i n v o l v i n g t h e q u a d r i c e p s i s c o n s i d e r e d necessary 16, 17) . We infer that overloading of the knee extensor mechanism occurred in the painful knee group causing the pain. Moreover, the revised medial direction peak acceleration value in the painful knee group was significantly high. From this, it can be concluded that strong medial direction stress was generated in the proximal part of the lower leg. We infer the cause of this was rapid shift of the knee joint in the medial direction and sudden braking of movement in the lateral direction. Outer rotation of the tibia 14) and enlargement of the angle of torsion of the tibia 5) has been reported in patients with a damaged extensor mechanism. As a root cause of disorder, Willer et al. 13) pointed out that error in the angle with tibial tubercle of the patellar tendon results in the error in the direction of action of the quadriceps. Actually, during walking as well, instability of knee joint varus-valgus and that of knee-in with lateral direction is frequently observed. We believe that this kind of failure of control of dynamic alignment leads to error in the angle of the tibial tubercle of the patella tendon, resulting in overload on the knee extensor mechanism. The peak acceleration the value of lateral of the lateral malleolar region accelerometer was significantly high in the painful knee group.
Malalignment of the foot such as flat foot, overpronation, or supination of the subtalar joint was frequently observed. Various authors have reported that malalignment of the foot and anomalous movement causes stress on knee joints through a load chain mechanism 1, 12, 18) . From evaluations using a compact accelerometer it has been verified that insole is useful for lateral fluctuation in knee joints as seen in knee osteoarthritis patients and ACL patients 4, 19) . Our results also suggest that stress generated in the foot may have an affect all the way up to the knee joint, and we conclude that it is important to evaluate the instability of the foot and anomalous movements for curing treatment of sports disorders.
Walking was taken as a representative activity for analysis, and measurements were taken during walking as the accelerometer has been adequately verified as an appropriate evaluation instrument. However, the subjects of the present study were juvenile patients suffering from sports disorders, and we should also directly analyze sports activities, such as running, jumping, and cutting, for which pain commonly occurs and discuss the mechanical stresses incurred by the knee joints. Moreover, considering the results of this study, topics for future research could be, studying the effect of various approaches such as insole and exercise therapy on anomalous movement and verifying the benefits of a therapy program. In addition, it is necessary to study the relationship of muscle weakness and static misalignment, which are presumed to be the root causes of body function disorders.
